The rapid, simple, microwave-assisted Michael addition of isatin and aniline Schiff base of isatin to a wide variety of alkyl and aryl acrylates in the presence of, tetrabutylammonium bromide (TBAB) and 1,4-diazabicyclo[2.2.2]octane (DABCO), under solvent-free conditions, is presented. Under these conditions the addition of isatin to some of alkyl and aryl acrylates afford both related Baylis-Hillman adducts as minor products and the corresponding Michael adducts as major products. Addition of isatin to ethyl acrylate leads to produce Baylis-Hillman/Michael adduct in good yield. This system dose not work on Michael acceptors of methyl acrylate and methyl methacrylate.
INTRODUCTION
In1841, isatin 1 (1H-indol-2,3-dione) was obtained by oxidation of indigo with nitric and chromic acids. 1 Isatin and its derivatives have proved to be versatile starting material for the synthesis of natural products, heterocyclic, and non-cyclic compounds. 2 Isatin and some of its derivatives are also pharmacologically relevant, for example isatin inhibits natriuretic peptide-induced hyperthermia in rats, 3 and some of its semicarbazones show anticonvulsive activity. 4 In nature, isatin is found in plants of the genus Isatis 5 and in human as it is a metabolic derivative of adrenaline. 6 This important compound as also been found to be a component of coal tar. 7 Analogs and derivatives of isatin have found wide applications in the manufacture of dyes, pigments, flavors, pharmaceuticals. In industries, isatin and its derivatives have been also used as UV light absorbers, blowing agents, flame-proofing agents, corrosion inhibitors, dry bleaches, disinfectants, and sanitizing agents. 8 Additionally, Schiff bases and Mannich basses of isatin were reported to possess antibacterial, 9 antifungal, 10 antiviral, 11 anti-HIV, 12 antiprotozeal, 13 and antihelminthic 14 activities. Michael addition is an important and useful reaction in organic synthesis. 15 In this field, recently, many attentions have been focused on the aza-Michael reaction for the construction of valuable compounds such as β-amino carbonyl compounds 16 which are attractive precursors in preparation of a variety of biologically important natural products, antibiotics, β-amino alcohols, and chairal auxiliaries. [17] [18] [19] [20] [21] [22] In contrast to the various aza-Micheal addition methods, there are few examples of the addition of amides and their analogs, due to their low reactivity, to α,β-unsaturated systems. Neutral amides have very restricted nucleophilicity but under strong basic conditions, nitrogen anions derived from them can take part in Michael-type additions to α,β-unsaturated compounds. 23 For instance, in the NaOH media the addition of δ-valerolactam to ethyl acrylate produces the desired N-substituted of this lactam in 5% yield. 24 In the other media such as CsF-Si(OR) 4 this aza-Michael addition affords the corresponding N-substituted lactam in 95% yield. 25 Although, there are a few reports in literature on the aza-Michael addition of isatin to α,β-unsaturated systems. 26, 27 However, no data are available on the addition of isatin Schiff base to these systems. In view of the emerging application of microwave (MW) chemistry in solvent-free reaction medium [28] [29] [30] and in keeping with our ongoing program on the development of cleaner pathways, [31] [32] [33] [34] herein we report microwave assisted Michael addition of isatin and its aniline Schiff base (2) to α,β-unsaturated esters in the presence of tetrabutylamonium bromide (TBAB) and 1,4-Diazabicyclo[2.2.2]octane (DABCO) by using the microwave irradiation (Scheme 1).
Scheme 1.

RESULTS AND DISCUSSION
Firstly, we focused on the reaction of isatin and n-butyl acrylate under MW irradiation condition. We found that reaction was completed in the presence of DABCO and in TBAB media at 300 W of microwave power. Under these conditions the aza-Michael adduct as a major product and Baylis-Hillman adduct as a minor product were obtained. Using these optimized reaction conditions, the scope and efficiency of this method was explored for a wide variety of alkyl and aryl acrylates. The results are summarized in Table 1. As  Table 1 indicates, in some cases (Table 1 , entries 2-7 and entry 9) the BaylisHillman adduct of isatin is formed along with Michael adduct as a side product. Surprisingly, treatment of ethyl acrylate with isatin under optimized conditions produced the Baylis-Hillman/Michael adduct in good yield (Table1, entry 1). Methyl acrylate methyl methacrylate did not undergo the Michael addition and Baylis-Hilman addition reaction (Table 1 , entries 11 and entry 12). In contrast to these results, exposure of isatin to 1-phenylethyl acrylate and to 2-isopropyl-5-methylcyclohexyl acrylate under the same conditions gave the desired Michael adducts in 40% and 60% yield respectively as the sole products (Table  1 , entries 8, 10). These results encouraged us to investigation the Michael addition of isatin Schiff base 2 to different alkyl and aryl acrylates under the same reaction conditions that the obtained results are summarized in Table 2 . It is noteworthy to mention that in these reactions no Baylis-Hillman adducts are observed, and Michael adducts are produced as the sole products in good to excellent yields ( Table 2) . Our attempts to expedite reaction of isatin Schiff base 2 with methyl acrylate as well as with methyl methacrylate under microwave irradiation were unsuccessful. Table 2 . Aza-Micheal reaction of isatin Schiff base to α,β-unsaturated esters catalyzed by DABCO and MW (300 W). a Isolated yields. Reactions were performed using 2 mmol Schiff base 2, 2 mmol ester, 1 mmol DABCO, and 1 mmol TBAB.
To investigation the effect of the applied base on this Michael reaction, we performed the reaction of Schiff base 2 with n-butyl acrylate in the presence of several different catalysts under the similar reaction conditions. The results are summarized in Table 3 . From these results we can see that, in this reaction system, basic catalyst is necessary to make it proceed practically. Between these catalysts, DABCO, possibly for its two base functional groups, promoted the reaction much more efficiently. 
CONCLUSIONS
In summary, we presented a rapid, simple, microwave-promoted method for Michael addition reaction of isatin and aniline Schiff base of isatin to alkyl and aryl acrylates in the presence of DABCO and TBAB. The reactions were performed at 300 W of microwave power under solvent-free conditions. The reaction was not successful on methyl acrylate as well as on methyl methacrylate as Michael acceptors. In some cases, isatin Michael acceptor afforded Baylis-Hilman adduct as side product. It was observed that treatment of isatin with 1-phenylethyl acrylate and with 2-isopropyl-5-methylcyclohexyl acrylate gave the desired Michael adducts as the sole products. Surprisingly, it was, also, observed that the reaction of ethyl acrylate with isatin produced the Baylis-Hillman/Michael adduct in good yield.
EXPERIMENTAL
TBAB was purchased from Fluka and DABCO, isatin, acryloylchloride and alcohols were purchased from Merck companies. All alkyl and aryl acrylates were synthesized in our laboratory according to the literature procedure and their structures were confirmed by IR and 1 H NMR spectra. The progress of the reactions was followed by TLC using silica gel SILIG/UV 254 plates.
1 H NMR (400 MHz) and 13 C NMR (100 MHz) spectra were recorded on Bruker 400 Spectrospin, or 1 H NMR (300 MHz) and 13 C NMR (75 MHz) spectra were recorded on Bruker 300 MHz, JEOL EX-90A. IR spectra were recorded on Buck-Scientific 500 instrument. Mass spectra were recorded on a Shimadzu GC-MS-QP 1000PX. Elemental analysis for C, H, and N were performed using a Heraeus CHN-O-Rapid analyzer. The melting points were determined in open capillaries with a Stuart Melting Point Apparatus and are uncorrected. MB 245 domestic microwave oven from Butan Industrial Company was used for microwave irradiation.
General Procedure for Michael addition reaction of isatin and aniline
Schiff base of isatin to alkyl and aryl acrylates. To a well mixture of isatin (2 mmol) or isatin Schiff base (2 mmol), TBAB ( 1 mmol), DABCO (1 mmol) in a test tube was added alkyl and aryl acrylates (2 mmol) and mixed thoroughly with a glass rod. The resulting mixture was irradiated in a microwave oven at 300 W for the stipulated time (Table 1 and Table 2 ). Then, the reaction mixture was cooled to room temperature and dissolved in chloroform (40 ml). TBAB was recovered by the addition of water (15 mL), then collected and dried under vacuum. The chloroform layer was washed with water (3*15 ml). The organic layer was dried over anhydrous Na 2 SO 4. The solvent was removed under reduced pressure and the resulting crude material was purified on short silica-gel column with ethyl acetate:n-hexane (1:9) as the eluent. 
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